Background. Survival of type 2 diabetes mellitus patients on maintenance dialysis therapy is poor mainly due to cardiovascular events. The aim was to examine whether survival of type 2 diabetes patients on renal replacement therapy (RRT) in Finland has improved during 1995-2005. Methods. Patients who entered RRT because of type 2 diabetes mellitus in 1995-99 (n = 314) and 2000-05 (n = 583) were identified within the Finnish Registry for Kidney Diseases. The two cohorts were followed up from start of RRT until death or end of follow-up on 31 December 2006. Survival probabilities and probabilities of receiving a kidney transplant were calculated using Kaplan-Meier curves. Multivariate modelling was performed using Cox regression. Results. Patients who entered RRT in 2000-05 had lower risk of dying than those who entered in 1995-99; hazard ratio (HR) was 0.76 (95% CI 0.65-0.89) and 0.74 (95% CI 0.63-0.87) with adjustment for age and gender. The decreased risk of death was most obvious in age groups 55-64 (HR 0.67, 95% CI 0.49-0.92) and 65-74 years (HR 0.69, 95% CI 0.56-0.87). Adjustment for albumin in addition to age and gender only slightly weakened the effect of study periods (HR 0.83, 95% CI 0.69-1.01). The patients in 2000-05 were more obese, had lower total and LDL cholesterol and higher HDL cholesterol and albumin concentration in serum than patients in 1995-99. Patients' probability to receive a kidney transplant was low in both groups. Conclusions. Survival of type 2 diabetes patients on RRT improved during the time period 1995-2005 in Finland while the probability of receiving a kidney transplant remained low and unchanged.
Introduction
Since the beginning of the 1990s, the incidence of renal replacement therapy (RRT) has increased more rapidly due to type 2 diabetes than due to any other diagnosis [1] . Similar trends were observed in data from 10 European national registries [2] .
Diabetes is the leading cause of chronic kidney disease (CKD) and end-stage renal disease (ESRD) [3] , and the prevalence of type 2 diabetes is increasing worldwide. Cardiovascular disease is the major cause of mortality both among patients with CKD and among diabetic patients [4] . Insulin resistance, lipid disturbances and hypertension predispose to premature atherosclerosis and cardiovascular derangements, which increase the risk of mortality [5] . In a study of Foley et al. [6] , diabetic patients were more likely to have left ventricular hypertrophy (LVH), ischaemic heart disease, previous myocardial infarction and cardiac failure prior to start of dialysis therapy. Age, LVH, smoking, ischaemic heart disease, cardiac failure and hypoalbuminaemia were shown to associate independently with mortality. In addition to traditional risk factors for cardiovascular disease, other things such as prothrombotic agents, inflammatory markers and characteristics of chronic uremia may concern the dialysis patient [7, 8] . Böger et al. [9] presented a genetic predictor of survival in type 2 diabetic patients on maintenance haemodialysis therapy.
The survival of type 2 diabetic patients on maintenance dialysis is poor mainly due to cardiovascular events [6] . The median survival time for diabetic patients on dialysis has been <3years, i.e. much lower than in non-diabetic patients [1, 6] . Kidney transplantation is known to improve the survival of diabetic patients on the kidney transplantation waiting list [10] .
Today, risk factors for cardiovascular disease are probably better controlled than in the 1990s. This should lead to improved survival of type 2 diabetic patients on RRT. The aim of this study was to examine whether the survival of type 2 diabetic patients on RRT has improved during the time period 1995-2005.
Methods

Study population
Patients who entered RRT because of type 2 diabetes in 1995-99 and 2000-05 were identified within the Finnish Registry for Kidney Diseases. This registry is maintained by the Finnish Kidney and Liver Association and is supported by Finnish governmental grants. The registry covers~97-99% of all dialysis and kidney transplantation patients in Finland [11] . The study was approved by the Ethics Committee of the University of Kuopio and the board of the Finnish Registry for Kidney Diseases. We also state our adherence to the Declaration of Helsinki.
Data on patients' age, sex, kidney disease diagnosis, body mass index, glycated haemoglobin A1c (A1c), cholesterol, albumin, phosphate, blood pressure, haematocrit, date of first kidney transplantation and comorbidities (coronary heart disease, hypertension, peripheral vascular disease, cerebrovascular disease) at start of RRT are available in the registry. Age at start of RRT was analyzed in four categories: <55, 55-64, 65-74 and ≥75years. Causes of mortality were classified into three groups: cardiovascular including all cardiac causes as well as other vascular causes, infection and other cause except kidney disease itself.
Statistical methods
Patients were followed up until 31 December 2006. Comparisons between groups were performed by Mann-Whitney test for continuous variables and the chi-square test for categorical variables. Survival probability was calculated using the Kaplan-Meier method. Death was the event and patients were censored at the end of follow-up time. Differences in survival probabilities between groups were assessed using the log rank test.
The Kaplan-Meier method was also employed to calculate the probability of receiving a kidney transplant. Patients' first transplantation was the event and censoring occurred at time of death or at the end of follow-up time.
Multivariate modelling of survival probabilities was performed using Cox proportional hazards regression. Statistical analyses were performed using SPSS version 14.0. Two-sided P values <0.05 were considered statistically significant.
Results
A total of 897 patients were identified of whom 314 started RRT in 1995-99 (group 1) and 583 in 2000-05 (group 2). The clinical characteristics of the two patient groups are described in Table 1 . The mean age of the patients was 65-66years in both groups (range 33-87years in group 1 and 31-88years in group 2). The patients in group 2 were more obese, had a lower total and LDL cholesterol concentration in serum and a higher level of HDL cholesterol. Patients who entered RRT in 2000-05 also had higher haematocrit values than those who entered in 1995-99. Glycated haemoglobin A1c and diastolic blood pressure were lower in group 2 than group 1, whereas no significant differences between the two groups were found regarding systolic blood pressure. Serum albumin values were higher in group 2 than in group 1. The proportional amounts of haemodialysis (82-84%) or peritoneal dialysis (18-16%) patients did not differ between the groups. Of the patients in group 2, 41% had coronary heart disease, 89% had hypertension, 28% had peripheral vascular disease and 14% had a history of cerebrovascular disease at start of dialysis therapy. The number of kidney transplant recipients remained low in both groups during the follow-up time: 7.6% in group 1 and 7.2% in group 2. It should be noted that, especially in group 2, some patients still waited for transplantation at the end of follow-up.
During follow-up, 291 of 314 patients in group 1 and 341 of 583 patients in group 2 died. The distribution of death causes was similar in both groups: 45-49% of the patients died of cardiovascular diseases, 19-21% of infection and 21-24% of other causes.
The cumulative survival probability was higher both in males and females in 2000-05 compared to 1995-99 (log rank P = 0.001). The median survival time was 2.23years in group 1 and 2.99years in group 2 ( Figure 1 ). In multivariate analysis with adjustment for age and gender, patients who entered RRT in 2000-05 had lower risk of dying than those who entered in 1995-99 (hazard ratio [HR] 0.74, 95% CI 0.63-0.87; P < 0.001). Gender was not significant in the multivariate model (P = 0.902). Adjustment for blood pressure at start of RRT or body mass index did not affect the effect of study periods on prognosis. With adjustment for phosphate, the effect of study periods remained significant, but when adjusting for albumin in addition to age and gender, the effect of study periods appeared slightly weaker (HR 0.83, 95% CI 0.69-1.01; P = 0.057). Low serum albumin is a known risk factor of mortality in diabetic end-stage renal disease patients.
The proportion of patients >75years at start of dialysis was 2-fold in 2000-05 (Table 2 ). In this age group, survival did not improve over time (log rank P = 0.354; Figure 2 ). Median survival was 2.51 years (95% CI 1.30-3.71) in group 1 and 2.05 years (95% CI 1.67-2.43) in group 2. The difference in survival between the groups remained insignificant with adjustment for age and gender (P = 0.474), with median age at start of dialysis being 78.0years in group 2 and 76.7years in group 1. Almost half of the patients were 65-74years old at start of RRT. In this group, median sur- Age and gender adjustment did not alter the result (P = 0.748), with median age at start of dialysis being 51 years in both groups ( Table 3) . The probability to get the first kidney transplant after the start of RRT was not different (log rank P = 0.989) in the years 2000-05 compared to 1995-99. When the probability of kidney transplantation was adjusted for age and gender, there was no significant difference between the two time periods (P = 0.889).
Discussion
The cumulative survival of both male and female type 2 diabetic patients on RRT in Finland has improved during the past years. In general, the mortality of all dialysis patients in Finland has decreased in recent years [1] .
In diabetic patients, this may be a result of improved diabetic care and successful preventive measures. Type 2 diabetic patients are increasingly treated with effective blood pressure drugs. Their glycaemic control has been more targeted to the best known goals with modern medication and methods. The use of statins and recombinant human erythropoietin medication for anaemia has become more ordinary in the treatment of this patient group. There are also more options to treat the disturbances of active vitamin D, hyperphosphataemia and secondary hyperparathyroidism. These developments may also prevent vascular calcification.
The use of renin-angiotensin-aldosterone system blockers is beneficial both in renoprotection and for reducing the risk of cardiovascular events [12] . The use of statins in patients on dialysis has shown either beneficial effects or mixed results in some studies [13, 14] . Type 2 diabetic patients on haemodialysis may benefit from statins irrespective of baseline LDL cholesterol level [15] , which can be due to effects of statins on endothelial function or inflammation. Notably, type 2 diabetic patients with CKD often have advanced cardiovascular diseases when dialysis begins. According to the 4D study [16] , statin therapy was not useful in type 2 diabetes mellitus patients on dialysis but should be implemented earlier during the course of progressive vascular damage. Erythropoietin treatment for anemia has become more common and is one of the risk reduction mechanisms in CKD patients [17] . However, aiming at a haemoglobin level >120g/l has been shown to increase risk for death and cardiovascular complications [18] . Technological or procedural development of dialysis therapy can help protect patients from cardiovascular events [19] . Dialysis therapy should be started early enough to improve the survival of the patients. Dialysis patients may be more effectively dialyzed today than in the 1990s. The burden of cardiovascular calcification in CKD patients can be reduced more efficiently with the dialysis treatment of today [20] . All the improvements in the care of ESRD patients are likely to reduce the overall mortality. The guidelines for the best dialysis treatment are part of this improved care. Diabetes is a vascular disease and cardiovascular risk factors should be efficiently controlled already at earlier stages of CKD. In this respect, improvements have probably occurred over the past years. This might be a reason why the incidence of RRT due to type 2 diabetes stopped increasing in the beginning of the 2000s. It can also be a reason for the decreased mortality of type 2 diabetic patients on RRT. Still, almost half of the patients in 2000-05 had coronary heart disease when dialysis began, and half of the deaths were caused by cardiovascular disease.
In the first part of our study, the number of new RRT patients due to type 2 diabetes increased during the past decade, in the same way which the European data have shown [2] . However, in Finland, this increase has stopped since the year 2001. The fact that the patients were more obese in 2000-05 is in line with the general trend in the Western world. Not surprisingly, total, LDL and HDL cholesterol values were more favorable in 2000-05 with more frequent use of statins. Anaemia is better treated today, and the patients are probably not as volume loaded at start of dialysis as before. Today, more attention is most likely paid to low serum albumin values as a risk factor for mortality. In our results, the albumin values were higher in 2000-05 than in 1995-99. The A1c values were lower in 2000-05, but according to other studies this may not affect survival of type 2 diabetic patients on dialysis [21, 22] . It may be due to the fact that glycaemic control already is fairly good in most diabetic patients on dialysis or that other factors contribute more to the survival at this stage of CKD.
Type 2 diabetic patients often have comorbidities at start of RRT. Somewhat surprisingly, the proportion of patients receiving a kidney transplant remained under 8% even in recent years. Because of many comorbidities, few type 2 diabetic patients ever reach the waiting list for transplantation. For type 2 diabetic patients who received a transplant, waiting time was similar as for other transplanted patients during the two periods. The probability of receiving a renal transplant did not get better over the decades, so this does not explain the improved survival. Sørensen et al. [23] found in Danish type 1 and type 2 diabetic patients a significantly improved survival rate observed among transplanted patients compared with dialysis patients on the waiting list for transplantation; however, even in their study, only few type 2 diabetic patients ever received transplantation (5%). It seems that type 2 diabetic patients often have worse possibilities to reach the transplantation than type 1 diabetic patients. In a study by Villar et al. [24] , it was confirmed that survivals are different between ESRD patients with type 1 and type 2 diabetes; and also in their study, <10% of type 2 diabetic patients ever received renal transplantation but had significantly improved survival over the time period 1991-2005 in Australia and New Zealand.
The number of new RRT patients aged ≥75years has increased considerably. Murtagh et al. [25] found that patients >75years old entering dialysis had better survival than conservatively managed patients with advanced CKD. However, this was not true for patients with high comorbidity scores. Among type 2 diabetic patients >75 years old, the survival in RRT did not improve over time in Finland. However, when studying the whole cohort of type 2 diabetic patients on RRT, survival had improved which was observed even without adjusting for age. This calls attention to the considerable improvement in survival among 55-74-year-old patients. Approximately half of the patients on dialysis die of cardiovascular diseases. Therefore, the reduction of risk factors for cardiovascular disease is essential when striving to improve survival. Infection causes one-fifth of deaths, and preventing infection remains important for dialysis patients. A closer study of individual risk factors for mortality would be important to identify the factors affecting mortality the most. This could help improve survival of type 2 diabetic patients on RRT in the future. The overall risk reduction in type 2 diabetic patients can decrease the risk of ESRD, which in fact already has been seen during the past 5years in Finland [1] . In conclusion, the survival of type 2 diabetic patients on RRT has improved since 1995 in Finland.
